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A greenhouse pot experiment was conducted in the Agricultural University of Athens in order to evaluate the 
effect of several greenhouse cover materials on the performance and yield of hemp. The experiment was set up 
in a completely randomized design (CRD) with five treatments/greenhouses (G1, G2, G3, G4/Control, and G5). 
Measurements included plant height, PAR (Photosynthetic Active Radiation), chlorophyll content, solar 
irradiance, soil and leaf temperature, and yield components (the number of buds, their weight, length, and 
compact index, CBD content, and CBD yield per plant). The results of the present study suggest that the different 
polyethylene cover films alter the environment within the greenhouse and thus, affect the agronomic 
characteristics and yield traits of hemp. G1 reported the best results as it increased soil temperature and PAR 
values by 11-16% and 50-110% respectively, compared to G4. Concurrently, the majority of the bud 
characteristics were significantly improved in G1. Even though further research should be conducted in order to 
define the most suitable films for greenhouse hemp production, our results indicate that the optical properties of 
the greenhouse cover materials affect its yield and should always be considered. 
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INTRODUCTION 
Cannabis (Cannabis sativa L.) is an annual, dicotyledonous, C3 plant, classified in 
the Cannabaceae family (Rehman et al., 2013; Movahedi et al., 2015). According 
to several studies, this plant has been used ever since 5,000 B.C. in medicine, for 
textile production, or for recreational purposes (Li, 1974), though other 
researchers suggest that the first interaction between man and this plant dates 
back as far as 10,000 B.C. (Clarke and Merlin, 2016). Despite the long-standing 
relationship between cannabis and humans, its cultivation and use have been 
gradually prohibited in several countries of the world ever since the 1960’s 
(Booth, 2005). This prohibition was initiated mainly due to the narcotic 
properties of the plant (Booth, 2005). The major compound biosynthesized in the 
plant of cannabis (cannabinoid) with psychoactive properties, hence the 
cannabinoid responsible for the narcotic properties of cannabis, is the Δ-9-
tetrahydrocannabinol, also known as THC (Russo and Marcu, 2017). Through the 
last decades though, research conducted on the medical and industrial 
applications of cannabis, mainly due to another cannabinoid known as 
Cannabidiol (or CBD), renowned the interest regarding this crop (Bilalis et al., 
2019; Farinon et al., 2020). As a result, nowadays, new legislations have been 
passed on several first-world countries that allow (at least to some extent) the 
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cultivation and use of hemp (THC content < 0.2-0.3%) and medical cannabis (THC content > 0.2-0.3%) (Farinon et 
al., 2020). 
 Even though hemp is considered a less demanding crop (compared to other major crops), environmental factors 
such as the relative humidity, the mean temperature, and the photoperiod affect its performance and yield 
(Flajšman and Ačko, 2020). These environmental factors can be easily controlled in greenhouses, thus nowadays 
commercial hemp is preferably grown indoors (Hillig, 2005). The effect of the greenhouse cover materials on the 
performance and yield of hemp are not yet thoroughly examined though. Despite the fact that polyethylene films 
are broadly used as greenhouse cover materials, a wide variety of films with different properties are available on 
the market (Seginer et al, 1988). These properties (for instance the average radiation transmission of the film) may 
alter the environment on the interior of the greenhouse (Al-Helal and Alhamdan, 2009) and thus, affect the 
performance of hemp. Concurrently, greenhouses can be constructed with either single or double layers of these 
films (Seginer et al, 1988). The aim of the present study is to assess the effect of different greenhouse cover materials 
on the performance and yield of hemp. 
 
MATERIALS AND METHODS 
A greenhouse pot experiment was set up in the Agricultural University of Athens (Southern Greece, latitude: 
37°58’ N, longitude: 23°32’ E, altitude 30 m above sea level) in March 2021. The experiment was set in a completely 
randomized design (CRD) with five treatments (Greenhouses). Initially, hemp seeds (cultivar: Futura 75) were sown 
on the 1st of March in 400 pots (one seed per pot) filled with a mixture of compost and soil from the experimental 
field of the Laboratory of Agronomy of our university (1:3 v/v). The properties of the soil substrate are presented 
on Table 1. Once the emerged seedlings had developed their second pair of true leaves, the pots were divided in 5 
groups of 80 and were transferred in 5 different greenhouses (G1, G2, G3, G4, and G5), constructed with different 
cover materials. The different cover materials used for these greenhouses, as well as the properties of each film are 
presented on Table 2 and 3. The pots remained in the greenhouses until the end of the experiment (on May 27). The 
pots were irrigated every second day via a dripping irrigation system installed in each greenhouse. The flowering 
was initiated by applying a photoperiod protocol of 12:12 (day:night) via curtain systems installed in each 
greenhouse.  
Table 1. Properties of the soil substrate of the pots 
Properties Values 




pH  7.21 
Organic matter 1.39% 
CaCO3 17% 
Total Nitrogen (N) 0.114% 
Phosphorus (P Olsen) 49 mg kg-1 soil 
Potassium (K) 341 mg kg-1 soil 
 
In order to assess effects of the cover films on the performance and yield of cannabis, measurements were 
performed 42, 56, and 70 days since the plants had been transferred in the greenhouses (DAT). Measurements 
included plant height, leaf and soil temperature, chlorophyll concentration, Photosynthetically Active Radiation 
measurements (also known as PAR), and Solar irradiance measurements. PAR and solar irradiance measurements 
were performed above the canopy of the plants. Solar irradiance was measured with an HD2102.1 – Portable 
Luxmeter (Delta Ohm, Padova, Italy), chlorophyll content of the leaves was measured with a SPAD-Meter (YARA, 
Dülmen, Germany), PAR was measured with a SunScan CanĂopy Analysis System (Delta-T Devices, Cambridge, UK), 
and leaf temperature was measured with a HI99556 Thermometer (HANNA Instruments, Athens, Greece). On the 
last day of the experiment (88 DAS) the number, length, weight, and compact index (CI) of the buds, as well as the 
CBD content and seed yield per plant were also estimated. 
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All data were subjected to the Shapiro–Wilk normality test. For the analysis of variance, the STATISTICA v10 
(StatSoft, Inc., Tulsa, OK, USA, 2011) logistic package was used. Significant differences amongst treatments were 
determined using Fisher’s least significant difference test (LSD) at the 5% level of probability (p < 0.05). 
Table 2. The greenhouses and the tradenames of the cover films 
Greenhouse Film Tradenames 
 Interior Exterior 
G1 EVO 7551 AC KRITIFIL UV 2956 
G2 EVO 7507 AC KRITIFIL UV 2956 
G3 EVO2 7804 AC EVO2 7804 AC 
G4 (Control) EVO 7551 AC - 
G5 EVO 7551 AC UV 2906 
 
Table 3. Properties of each cover film 
Tradename Total Light Transmission (%) Diffusion (%) UV Transmission (%) 
EVO 7551 AC >91 18 >70 
KRITIFIL UV 2956 >91 18 (+/- 2) >60 
EVO 7507 AC > 89 55 >60 
EVO2 7804 AC ~ 90-91 20 (+/- 2) >50 
UV 2906 ~ 88-89 70 >50 
 
RESULTS AND DISCUSSIONS 
Results regarding the performance of hemp indicate that the cover films significantly affected the agronomic 
traits and yield of the plants, as well as the environment within the greenhouses (Table 4 and Figure 1). Results of 
G1 indicate that soil temperature, PAR values and some of the bud characteristics were improved compared to the 
rest of the greenhouses. In particular, the average soil temperature in G1 was increased by 13-17% compared to G3, 
G4, and G5, and by 3-8% compared to G2. Similarly, PAR values in G1 were increased by 25-130% compared to G2, 
G4, and G5. Even though the differences between G1 and G3 were statistically insignificant, average PAR values were 
3-12% higher in G1. Regarding the buds, the weight, CI, and CBD content of the buds was significantly higher in G1. 
The average bud weight in G1 was 4-9% greater compared to G2, G3, and G5, and 31% greater compared to G4. The 
CI was increased by 3-16 % and CBD content was increased by 5-20%. Finally, the CBD yield per plant was increased 
by 8% compared to G3, 17-30% compared to G2 and 5, and by 75% compared to G4. On the contrary, G2 did not 
excel in any of the measurements. Nevertheless, the CBD content and length of the buds in this greenhouse were 
adequate. The most notable increment in the number of buds, as well as their length, was reported in G3. In 
particular, in the rest of the greenhouses the buds were fewer by 13-38%. The average bud length in G3 was higher 
by 1-6% compared to the bud lengths in G1, G2, and G5, and higher by 35% compared to the bud lengths in G4. 
Overall G4 performed poorly in comparison to the other greenhouses due to the low yield and the inferiority of the 
bud characteristics. Nevertheless, the highest leaf temperature values were reported in G4. In fact, leaf temperature 
in G4 was higher on average by 2-13% compared to the rest of the greenhouses. G5 reported the most notable 
increment of plant height, chlorophyll content, and solar irradiance values. Plant height in G5 was increased by 13-
50%, compared to G1, G2, and G4. On the contrary, when compared to G3, G5 increased plant height only by 2-8%.  
The average chlorophyll content in G5 was increased by 2-18% compared to the other greenhouses. 
Regarding the results of the irradiance measurements in G5, even though they were found increased by 6-10% 
compared to the respective ones of G1, these differences were statistically insignificant. On the contrary, solar 
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irradiance values in G2, 3 and 4 were significantly lower compared to the respective ones of G5 as they were lowered 
by 15-30%. 
Table 4. Average plant height, soil and leaf temperature, chlorophyll content, PAR, and solar irradiance reported 


















G1 114.0 a 32.5 c 32.8 d 474.0 a 526.15 c 457.56 bc 
G2 139.3 b 30.3 b 30.8 c 550.0 b 386.65 ab 353.87 a 
G3 159.0 c 29.0 a 29.8 b 552.2 bc 495.10 c 374.66 a 
G4 140.0 b 29.1 a 31.8 e 549.0 b 348.29 a 439.20 b 
G5 163.5 c 28.8 a 29.0 a 562.0 c 521.48 b 487.06 c 
F-Ratio 1154.67 *** 125.09 *** 263.63 *** 91.72 *** 10.47 ** 17.80 *** 
Note: F-test ratios are from ANOVA. Significant at ** and *** indicate significance at p = 0.01 and 0.001, respectively. Different low-case letters 




Figure 1. Effect of the different greenhouse cover materials on the A) average bud length, B) average 
bud weight, C) compact index of the buds, D) average CBD content of the buds, and E) the average 
number of buds per plant. Different low-case letters within each graph indicate statistically significant 
differences between the greenhouses, according to the Fisher’s LSD test (p  0.05). 
 
In order to facilitate the evaluation of each greenhouse, as well as to compare their results, Table 5 was formed. 
This table functions as a score-table where the results of the aforementioned measurements were evaluated and 
attributed with a number ranging from 1 to 5, with 1 indicating poor performance and 5 indicating exceptional 
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performance. The sum of these numbers is the total score of each greenhouse and represents its overall 
performance, thus the potentiality of its greenhouse films. Based on this table, G1 performed the best.  
























G1 1 1 5 4 5 4 5 5 5 3 5 46 
G2 3 2 2 3 4 4 4 2 3 3 3 35 
G3 4 4 4 2 3 5 4 1 4 5 4 44 
G4 3 3 1 5 2 1 1 4 1 1 1 24 
G5 5 5 3 1 1 4 5 3 2 3 2 39 
 
It is evident that three factors were determinant for the performance of cannabis in G1: the increased PAR, the 
better soil temperature, and the superiority of the bud characteristics. According to Mihoc et al. (2012), root activity 
of hemp, and as a result the overall plant growth, are favored by the increasing soil temperature. As soil temperature 
increases, the nutrient uptake of the plants could be elevated (Mihoc et al., 2012), and thus the plants become more 
vigorous. Concurrently, the augmented PAR values observed in G1 indicate an increased photosynthetic activity of 
the plants (Eichhorn Bilodeau et al., 2019). This result was anticipated as both of the films used in G1 permitted 
greater percentages of total light transmission. Increased light transmission could reportedly intensify 
photosynthesis (Singh et al., 2013). The improved nutritional status of the plant and the increased photosynthetic 
activity are probably responsible for the increased weight and CBD content of the buds (Islam et al., 2021). Similarly, 
to our findings, Folina et al. (2020) have stated that improved plant nutrition increases the CBD content and the 
average bud weight of Futura 75 hemp plants. It should be noted though that SPAD measurements revealed that 
amongst all of the greenhouses, hemp leaves in G1 reported the lowest chlorophyll content. This finding contradicts 
the improved photosynthetic activity hypothesis as chlorophyll is considered as a photosynthetic capacity indicator 
(Ling et al., 2011). Besides nutrition and photosynthesis, light transmission itself could have increased CBD content. 
According to Magagnini et al. (2018), cannabinoid biosynthesis is not only regulated by the quality of the light but 
also by its intensity. Light transmission and intensity are known to be correlated (Monteith, 1965). As the light 
transmission of a film increases, so does the intensity of the light that passes through that film (Giacomelli and 
Roberts, 1993), thus the increased light transmission properties of the G1 cover films might have resulted in higher 
CBD accumulation in the plants. At this point it should also be noted though that light diffusion in G1 was significantly 
lower compared to G2, G3, and G5. This could potentially indicate that light transmission is the predominant factor 
that should be considered when evaluating the optical properties of greenhouse film materials. Moreover, the 
findings of this present study indicate that G4 (control), the only greenhouse with single layer covers, performed 
poorly compared to the rest of the greenhouses. Double layered covers are usually preferred as they prevent 
fluttering and increase the convective resistance (Seginer et al., 1988). Our results suggest that besides their energy-
saving and structural advantages (Giacomelli and Roberts, 1993), double layered greenhouse cover materials might 
also provide a more suitable environment for hemp production. 
 
CONCLUSIONS 
Our findings suggest a correlation between the cover materials and the performance of hemp in greenhouse 
cannabis production. Light transmission properties of these materials should always be taken into account. 
Choosing the appropriate material could increase CBD yields up to 75% and improve the agronomic traits of 
cannabis. Even though the results of the present study indicate a correlation between the greenhouse cover 
materials and the performance of cannabis, further research should be conducted in order to define the most 
suitable films for greenhouse cannabis production 
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